Nanocomposites are high performance materials which reveal rare properties. Nanocomposites have an estimated annual growth rate of 25% and fastest demand to be in engineering plastics and elastomers. Their prospective is so prominent that they are valuable in numerous areas ranging from packaging to biomedical applications. In this review the various types of matrix nanocomposites are discussed highlighting the need for these materials, their processing approaches and some recent results on structure, properties and potential applications. Perspectives including need for such future materials and other interesting applications. Being environmentally friendly, applications of nanocomposites propose new technology and business opportunities for several sectors of the aerospace, automotive, electronics and biotechnology industries.
Introduction
Nanocomposites are composites in which at least one of the phases demonstrates dimensions in the nanometre range [1, 2] . The word nanotechnology is novel but the existence of functional devices and structures of nanometer dimensions is premitive. In the fourth century Roman glassmakers were formulating glasses encompassing nanosized metals. Nanocomposite materials have materialized as appropriate substitutes to incredulous restrictions of microcomposites. They are also testified to be the resources of 21st century in the view of having design rareness and property groupings that are not found in conventional composites [3] [4] [5] .
Nevertheless, they pose preparation challenges associated to the regulator of basic arrangement and stoichiometry in the nanocluster phase. Nanocomposites are high performance materials demonstrating rare property arrangements [6] [7] [8] . Their potential is so conspicuous that they are beneficial in numerous areas ranging from packaging to biomedical applications. In this paper the various types of matrix nanocomposites are presented underlining the need for these materials.
Their processing methods, structure, properties and potential applications are discussed [9, 10] .
Nanocomposites suggest rare properties that ascend from their small size, large surface area, and the relations of phases at their interfaces. They are striking for their prospective to develop performance of drugs, catalysts, biomaterials and other high value added materials. It has been reported that deviations in particle properties can be observed when the particle size is less than a particular level, called 'the critical size' [11, 12] . As dimensions reach the nanometre level, interactions at phase interfaces become mostly enhanced. Additionally, unearthing of carbon nanotubes and their successive use to formulate composites demonstrating some of the unique carbon nanotubes related mechanical, thermal and electrical properties added a new and fascinating dimension to this area. Currently, nanocomposites offer new technology and business opportunities for all zones of industry, in addition to being environmentally friendly [13] [14] [15] . are being proposed. It is evidently impossible to recapitulate all the devices and applications that have been studied. It is interesting to note that the applications of nanocomposites in diverse fields have clearly different demands, and thus face different challenges, which necessitate different approaches [16] [17] [18] .
The reinforcements refract the crack and deliver connecting elements, deterring further opening of the crack. The integrated phase experiences phase transition in conjunction with the volume increase introduced by the stress field of a propagating crack, contributing for the toughening and strengthening processes. The potential of ceramic matrix nanocomposites, chiefly the Al2O3/SiC system, was exposed by the revolutionary work of Niihara. The toughening mechanism was based on the crack-bridging role of the nanosized reinforcement. The merger of high strength nanofibres into ceramic matrices has permitted the preparation of advanced nanocomposites with high toughness and superior failure characteristics compared to the sudden failures of ceramic materials [19, 20] .
Space mission projects implicate ultra-lightweight space-crafts. These spacecraft devices are mobile mechanical parts such as gyroscopes, gears, solar arrays, antennae, drives, sunshields, rovers, radars, solar concentrators, and reflector arrays. These parts will have to be manufactured from flexible, appropriate materials, which can be folded or packaged into small volumes. This is needed since the structure consisting of ultra lightweight parts would be deployed mechanically into a large ultra-lightweight functioning. It is imperative that the above mentioned characteristics should be available in one single material. Similarly, rocket propellants are prepared from a polymer-Al/Al2O3 nanocomposite to improve ballistic performance [21] [22] [23] . [24, 25] . crystallite structures in some nanocomposites [26] [27] [28] .
Processing of Nanocomposites

Structure and Properties of nanocomposites
Briefly, the density of single walled carbon nanotubes is less than one sixth of that of steel while the density of multi walled carbon nanotubes is one half of that of Al. Tensile strengths of single walled carbon nanotube and multi walled carbon nanotubes are reported to be in a range much higher than of high strength steel, while Young's modulus values are comparable to those of diamond. They exhibit tremendous resilience, in that they can sustain bending to large angles and restraightening without damage, in which they differ from the plastic deformation of metals and the brittle fracture of carbon fibres. Similarly, theoretical thermal and electrical conductivities are comparable with that of diamond, with an almost negligible thermal expansion coefficient. They also exhibit high thermal stability both in air and in vacuum, compared to the lower values obtained for metal wires in microchips, and high parallel and perpendicular magnetic susceptibilities [29] [30] . reinforcements, at the phase boundaries [31, 32] .
Ceramic Matrix Nanocomposites
Ceramic matrix-discontinuous reinforcement nanocomposite systems
There is a significant improvement in the strength MPa, Si3N4 fails after 0.4 hours at 0.3% strain, whereas the Si3N4/10% SiC nanocomposite does not fail even after 1,000 hours at 1.5% strain. Coming to morphological studies, microstructures of some ceramic matrix nanocomposites of Al2O3 and Fe2O3 containing a good distribution of Co and Ni nanoparticles [33, 34] .
Ceramic matrix-carbon nanotube systems
When the volume content of carbon nanotubes is lower than 5 vol. %, both bending strength and fracture toughness increase with increasing volume of carbon nanotubes. However, loadings higher than 5% cause decrease in these two properties. At 5 vol. %, the increment in strength and fracture toughness, compared with that of monolithic SiO2, is up to 65 and 100%,
respectively. This increase in mechanical properties is due to the large aspect ratio and excellent mechanical properties of carbon nanotubes, according to the theory of short fibre-reinforced composites [35] [36] [37] . The decrease in bending strength at high loading is due to the limitation caused by carbon nanotubes during densification, as they express a higher probability for agglomeration. Also, the higher the loading of carbon nanotubes, the higher is their pull out from the matrix during stress transfer. Unusual behaviours such as high contact-damage resistance without a corresponding enhancement in toughness have also been reported in Al2O3/nanotube composites. The microhardness of these systems increases as the carbon nanotube content is increased up to 4 wt. (%). This is probably due to grain size effects and the reinforcement role of carbon nanotubes. As the carbon nanotube content increased above 10 wt. (%), wear losses also notably increased [38] [39] [40] .
Preparation of SiC/carbon nanotubes showed a 10% upgradation in the strength and fracture toughness as compared to the monolithic ceramics. These results were attributed to nanotube/matrix debonding and crack deflection. As a consequence, many attempts have been made to improve mechanical properties through the incorporation of carbon nanotubes in ceramic matrices.
However, the detected improvements were not as intense as expected. Single walled carbon nanotubes applied in the reinforcement of ceramic composites through spark-plasma sintering, resulted in a 194% increase in fracture toughness over pure alumina. A 24% increase in fracture toughness over the matrix was observed in nanograined Al2O3 composite containing 10 vol. % multi walled carbon nanotubes, which was attributed to the oxidation of carbon nanotubes before dispersion. In this case the material was produced in three conditions, viz., mixed, hot pressed (1573 K) and sintered to near theoretical density [41] [42] [43] .
Metal Matrix Nanocomposites (MMNC)
The discovery of new alloys has been escorted by major developments. Branagan, stresses on "devitrified nanocomposite steel".
The formation of nanophases was explained by the high nucleation frequency within the limited time for growth of grains before impingement. Use of ultrasound helped to improve the wettability between the matrix and the particles [47] [48] .
Metal -discontinuous reinforcement systems
The α-Fe/Fe23C6/Fe3B system provides a good features [49] [50] [51] .
Metal matrix-carbon nanotube composites
Electrical properties of an Al/carbon nanotube system measured between 4.2 K and room temperature revealed an increase from 4.9 to 6.6 μΩ cm at room The enhanced mechanical property has been attributed to the confinement of the Al matrix by the multi walled carbon naotubes on nanoscale [52] [53] [54] [55] .
Strengthening Mechanisms in Metal Matrix Composites
Upon cooling, dislocations form at the reinforcement/matrix interface due to the thermal mismatch. The thermally induced dislocation punching results in indirect strengthening of the matrix. In age-hardenable matrix materials, the thermally-induced dislocations serve as heterogeneous nucleation sites for precipitate formation during the aging treatment [56, 57] .
Polymer matrix -discontinuous reinforcement (non-layered) nanocomposites
The reinforcing materials engaged in the fabrication of polymer nanocomposites can be categorized according to their dimensions. Examples comprise spherical silica, metal particles and semiconductor nanoclusters. The second kind of reinforcement is formed by nanotubes or whiskers, which contain two dimensions in the nanometre scale and one larger, forming an extended structure. Carbon nanotubes and cellulose whiskers, broadly studied as reinforcing nanofillers, can be included in this second category [58] [59] [60] . The third type of reinforcement is characterized by only one dimension in the nanometre range. In this group, the filler contains sheets one to a few nanometres thick and hundreds to thousands nanometres long. This family is called polymer-layered nanocomposites. Many synthetic and natural crystalline hosts that are able, under specific conditions, to intercalate a polymer have been described.
Examples include graphite, metal chalcogenides, clays, layered silicate and layered double hydroxides.
Nanocomposites based on clay and layered silicates have been usually explored due to the handiness of clay starting materials and their eminent intercalation chemistry [61] [62] [63] .
Polymer nanocomposites with layered reinforcements
Although the chemistry of polymers towards layered silicates has long been known, the field of polymer layered silicate nanocomposites has gained inspiring attention. Firstly, the results obtained on Nylon-6 (N6)/montmorillonite nanocomposites, which
showed that a small concentration of layered silicate lead to notable changes in thermal and mechanical properties. Usually, when LS are dispersed in thermoplastics such as PMMA, PS or PP, the elongation at break is reduced [67] [68] [69] [70] . The reported decrease in elongation is from 150% in pure PP matrix, to 105% for a 6. drop towards values lower than those described for the filler-free matrix due to the formation of non-exfoliated aggregates which make these composites more brittle [74, 75] .
Another nanocomposite system studied in great detail is Nylon-6 protonated aminododecanoic acid, which has been studied for its impact resistance nanocomposite. There is good resistance to impact, high Young's modulus, good flexural modulus and a notable enhancement in the heat distortion temperature, going from 338 K for pure Nylon-6 to more than 423 K for the nanocomposite, have allowed this material to replace glass fibre-reinforced nylon or polypropylene in the production of timing belt covers of automotive engines [76] [77] [78] .
Conclusions
Innovative technologies necessitate materials exhibiting unique properties and upgraded performance. 
